Ferrans and Powers' Quality of Life Index (QLI) defines and assesses quality of life (QoL) in terms of importance-weighted life satisfaction. This study assessed the value of such weights and explored the relationship between weighted and unweighted (satisfaction only) scores and single-item rated overall life satisfaction (LS) and QoL. Data were collected by a postal survey to 81 Parkinson's disease patients (88% response rate). Correlations between weighted and unweighted QLI scores were P0.96, except for one subscale (r s =0.85). Item non-response rates ranged between 4.2 and 45.1% and 1.4 and 38% for the weighted and unweighted QLI, respectively. Cronbach's a exceeded 0.7 for weighted and unweighted versions of two out of the four subscales and the total score. Scaling success rates were similar for weighted and unweighted scores and did not support the current subscale structure. Unexpectedly, weighted total scores correlated stronger with LS than with QoL, and unweighted scores displayed the opposite pattern. This study found no advantages by using importance-weighted satisfaction scores. The correlational pattern with overall LS and QoL challenges the QLI approach to QoL, although these observations may relate to the use of multiplicative item weights. This study has implications also beyond the QLI regarding, e.g., the use of multiplicative weights and the relationship between life satisfaction and QoL.
Introduction
Stemming from work in the social and behavioral sciences, several investigators have defined quality of life (QoL) in terms of life satisfaction [1] [2] [3] [4] [5] [6] [7] [8] [9] . Life satisfaction, in turn, has been defined in terms of the perceived discrepancy between aspiration and achievement, i.e., an assessment of the current situation against some standard of comparison, or the degree to which an individual experiences him-/ herself as being able to attain his/her goals [e.g., 10, 11] . While a number of instruments have been devised based on these theoretical underpinnings, there appears to be a lack of empirical assessments of the relationship between how ill people rate their QoL and how satisfied they are with their lives. Due to general lack of consensus and individual differences regarding what contributes to QoL, it has been argued that satisfaction with various areas of life should be interpreted in view of their perceived importance [5] [6] [7] [8] 12] . One questionnaire that takes these considerations into account is Ferrans and Powers' Quality of Life Index (QLI), which measures QoL in terms of importance-weighted satisfaction with various areas of life [4, 13] . While this approach may appear theoretically appealing, it is not clear to what extent satisfaction ratings are influenced by weighting them by their perceived importance. For example, using the QLI in people with spinal cord injury, May & Warren [14, 15] found close to perfect correlations between importance-weighted and unweighted life satisfaction scores. This indicates that the weighting procedure provides little gain in terms of the resulting scores. However, it is unclear whether these observations extend to other patient groups and if weighted and unweighted scores differ in terms of their psychometric properties.
Here we report results from a study using the QLI in patients with Parkinson's disease (PD). The objectives were two-fold. First, to assess the value of weighting ratings of satisfaction with various areas of life by their perceived importance, regarding (a) the resulting scores, and (b) their psychometric performance. Secondly, to explore the relationship between weighted and unweighted QLI scores and overall life satisfaction and QoL. Strong correlations were expected between total QLI scores and life satisfaction as well as QoL. It was further expected that in order to support the assumptions underlying the QLI definition of QoL and its scoring system (i.e., that QoL is determined by satisfaction with various areas of life, as weighted by their importance to the individual), importance-weighted QLI scores should correlate stronger with overall QoL than with overall life satisfaction, and unweighted satisfaction QLI scores should display the opposite pattern.
Methods
Data were collected by a cross-sectional postal survey for which every fifth patient (n=81) was selected from a total of 407 patients with clinically diagnosed PD receiving neurological care at Lund University Hospital (Sweden) during one year. To avoid a possible age bias, patients were organized chronologically according to age prior to selection. In addition to the QLI, the survey comprised the 39-item PD Questionnaire (PDQ-39) and the Nottingham Health Profile (NHP). Results regarding the PDQ-39 and NHP have been reported previously [16] and will not be considered here. No reminders were sent out. Response was interpreted as consent to participate. The study was approved by the Research Ethics Committee, Faculty of Medicine, Lund University, Sweden.
Questionnaires
Ferrans and Powers' QLI [4, 13] was developed based on the operational definition of QoL as ''a person's sense of well-being that stems from satisfaction or dissatisfaction with the areas of life that are important to him/her'' [13, p. 29] . In completing the QLI respondents are thus requested to indicate how satisfied they are with 34 areas of life as well as how important they consider each one of them to be. Ratings are made on a 1-6 scale ranging from very dissatisfied/unimportant to very satisfied/important. The instrument yields a total score and four domain scores: health and functioning (HF; 14 items), social and economic (SE; 9 items), psychological-spiritual (PS; 7 items), and family (FA; 4 items). Satisfaction responses are weighted by their paired importance ratings by multiplication. Paired multiplicative satisfactionimportance item scores are then used to calculate total and domain scores (see the official QLI web site for complete scoring algorithm, http:// www.uic.edu/orgs/qli/index.htm) that range between 0 and 30 (30=better life satisfaction/QoL). In this study, the Swedish version [17] of the QLI was used. Previous psychometric information on the Swedish QLI is sparse, but coefficient a has ranged between 0.84 and 0.94 [17] [18] [19] . An exploratory factor analysis based on responses from 90 mobility disabled elderly people produced a somewhat different factor structure to that by Ferrans & Powers [13] , but due to the small sample size the original subscale structure was retained [17, 19] .
In order to explore the relationship between weighted and unweighted QLI scores and overall life satisfaction and QoL, patients rated their overall life satisfaction (LS) on a 6-grade singleitem Likert scale previously used for validity assessment of the QLI [20] . Patients also rated their overall QoL by placing a mark on a 100-mm horizontal visual analogue scale (VAS) anchored by ''worst imaginable quality of life'' at the far left (0 mm), and ''best imaginable quality of life'' at the far right (100 mm) [21] .
In addition, data regarding patients' perceived PD severity (rated as ''mild'', ''moderate'' or ''severe''), disease duration and number of daily PD medicine intake occasions were collected.
Analyses
Unweighted QLI scores were calculated by rescoring (from 1-6 to 0-5) and summing raw item responses. To ease interpretation, weighted and unweighted QLI, as well as overall LS scores, were transformed to a possible range between 0 and 100 (observed score/maximum score Â 100), where higher scores indicate better life satisfaction.
Psychometric performance was evaluated by means of traditional test theory methodology [22, 23] . Three properties were considered and compared between weighted and unweighted (satisfaction only) QLI scores: data quality, reliability, and scaling success. Data quality relates to the usefulness of an instrument, and is considered high when missing data are few. Data quality was examined in terms of the overall scale and individual item percentages of missing responses, as well as the proportion of respondents with missing item responses, within each scale. Reliability was assessed by means of coefficient a, a measure of item interrelatedness and an estimate of reliability that preferably should be around 0.80, and not below 0.70 [24, 25] .
Scaling success examines the extent to which items appear to be appropriately grouped into subscales. Support for appropriate grouping of items is obtained if the corrected correlation between an item and its hypothesized subscale score is significantly stronger than that with other subscales. The corrected item-to-total correlation is the correlation between an item and the total score of the other items in its hypothesized subscale [26] .
Scaling success was calculated as a percentage indicating how often items within a subscale correlate significantly stronger (P+2 standard errors, i.e., approximately the upper limit of a 95% confidence interval) with their hypothesized scale (item-convergent validity) than with other scales (item-discriminant validity) [23] , which was defined as definite scaling success. Instances when items correlated non-significantly stronger (<+2 standard errors) with their hypothesized scale than with other scales were considered possible scaling success, and scaling failure was defined as instances when items correlated weaker with their hypothesized scale than with other scales. For total QLI scores, where scaling success is not appropriate, corrected item-to-total correlations were considered instead. According to various recommendations, acceptable thresholds for corrected item-to-total correlations range between 0.20 to 0.40 [22, 25] . In addition, correlations between subscales were considered in relation to coefficient a values for the respective domains. Because coefficient a is a measure of the average item interrelatedness and all possible split-half correlations [24, 25] , it can be viewed as the ''correlation between a scale and itself'' [23] . To the extent that inter-scale correlations are lower than their respective a values, there is thus support that they measure distinct constructs with unique and reliable variance [23] .
The relationship between weighted and unweighted QLI scores and overall life satisfaction and QoL was explored by determining the correlations between weighted and unweighted total QLI scores and single-item overall LS and QoL ratings.
Variables were checked regarding assumptions underlying parametric and non-parametric statistics, and analyzed accordingly. All analyses were performed using SPSS 12.0.1 for Windows (SPSS Inc., Chicago, IL).
Results
Seventy-one (88%) of the questionnaire packages were returned. Sixty-two percent of responders were males. Responders' mean (SD) age was 69.1 (10.2) years, the mean (SD) duration of their PD was 10.4 (9.4) years, and the mean (SD) number of PD medicine intakes per day was 5.6 (2.7). Nonresponders were older (76.8±6 years old) than respondents (p=0.027; unpaired t-test). A majority of patients (n=35) perceived their PD as moderate, and 18 and 17 patients perceived their PD as mild and severe, respectively (one patient did not report her perceived disease severity).
The mean (SD) nontransformed (0-30) total QLI score was 20.2 (4.3). Mean (SD) nontransformed domain scores were 16.9 (5.9), 22.9 (4.8), 21.0 (4.7) and 25.8 (3.9) for the HF, SE, PS and FA subscales, respectively. Weighted and unweighted transformed (0-100) QLI scores were very similar, with mean and median scores differing by 0.1-1.6 and 0.5-3.7 points, respectively (Table 1) . Spearman correlations (r s ) between weighted and unweighted scores were P0.96 in all instances but for the SE subscore, where it was 0.85. Figure 1 shows the relationship between weighted and unweighted total QLI scores. As also illustrated in Figure 1 , the distribution of unweighted satisfaction and importance scores displayed different patterns. Whereas transformed satisfaction scores ranged between 44.7 and 87.6, importance scores ranged between 70.6 and 98.8. The mean (SD; min-max) raw item score (possible range, 1-6) was 4.38 (1.34; 3.03-5.62) for satisfaction items and 5.23 (0.87; 4.06-5.91) for importance items.
There were few substantial differences between weighted and unweighted QLI scores regarding their psychometric performance ( Table 2 ). The overall proportion of missing item responses within the various scales ranged between 5.4 and 19.1% and the proportion for individual items ranged between 1.4 and 45.1%, with lower values for unweighted scores. The proportion of respondents with missing items within the respective scales was >20% for all but the PS and the unweighted FA domains. About one third of respondents (35.2%) returned questionnaires without any missing item responses. No item was answered by all respondents. Reliability was similar for the two QLI score versions (Table 2) . Desirable levels of reliability were observed for weighted and unweighted HF, PS, and total QLI scores. Evaluations of scaling success also yielded similar results for weighted and unweighted scores. Definite scaling success rates did not exceed 50% in more than half of the instances (weighted and unweighted HF, weighted PS, and unweighted FA subscales) and never reached 70% ( 
Discussion
This study provides an assessment of the relative gain of weighting satisfaction ratings by their paired importance ratings in terms of the resulting scores and their psychometric performance. In addition, the QLI definition of QoL in relation to overall ratings of life satisfaction and QoL among people with PD was addressed. To the best of our knowledge, this is the first evaluation of these aspects of the QLI.
The main study limitation was the relatively small sample size, precluding the use of, e.g., factor analysis. However, it is unlikely that this substantially influenced the main findings. While it is recognized that traditional psychometric test theory estimates are sample dependent, experience indicate that stable interpretations of psychometric indices such as those used here can be obtained with sample sizes of 20 to 40 subjects [27] .
Another potential limitation is the concurrent use of multiple questionnaires in a postal survey, which may have influenced item response rates, responses and psychometric performance. However, use of multiple questionnaires is common Figure 1 . Scatterplots illustrating the relationships between total importance-weighted scores (y-axis) and total unweighted (a) satisfaction (r s =0.962) and (b) importance (r s =0.434) scores on Ferrans and Powers' Quality of Life Index. All scores were transformed to a possible range between 0 and 100 (observed score/maximum score Â 100), where higher scores indicate better life satisfaction/higher importance. practice in studies addressing QoL and related issues, and questionnaire batteries similar to that used here have been employed also in previous studies involving the QLI [e.g., [28] [29] [30] [31] [32] . Evaluating questionnaire performance under circumstances such as those employed in this study may provide a means of assessing how acceptable instruments are to respondents, since response rates can indicate respondents' understanding and acceptance of questionnaires [22] . The high proportion of missing item responses observed here may therefore indicate that the QLI is perceived as difficult, lacks in saliency, or is inappropriate for self-administration. The somewhat higher item response rates for the unweighted, as compared to the weighted, QLI are expected since the former is not affected by missing importance item responses. The QLI has previously been used in a number of postal surveys, involving people with, e.g., epilepsy, cardiac disease and cancer, including samples of similar ages as those participating in this study, without any reported problems with low questionnaire response rates [18, 29, 30, 33] . However, item non-response does not appear to be a unique phenomenon for this study. For example, in postal surveys among middle-aged breast cancer and hemodialysis patients, respectively, Ferrans and Powers [13] and Ferrans [20] had to drop 20-30% of their samples from the final analysis of the QLI due to P15% missing data. Taken together, there appears to be strong reason to question the appropriateness of the QLI for self-administration. We found striking similarities between importance-weighted and unweighted (satisfaction only) QLI scores, and the correlations between the two were close to perfect in four instances and very strong in one. One explanation probably relates to the restricted distribution of respondents' importance ratings, i.e., patients tended to assign high levels of importance to most assessed areas of life. These observations are in close accordance with those by May and Warren [14, 15] when using the QLI in people with spinal cord injury. Similarly, in their validation study of the Quality of Life Inventory (another questionnaire where satisfaction with various domains of life is weighted by their paired importance ratings) Frisch et al. [5] reported that respondents typically indicated that they perceived all assessed areas of life as important. In addition to the close similarities between weighted and unweighted QLI scores, neither score version performed psychometrically substantially or consistently better than the other. Experiences from the use of other weighting schemes intended to reflect item severity when deriving scores on health-related outcome measures have also typically failed to demonstrate any advantages as compared to unweighted scores [34] [35] [36] .
Another important aspect to consider in the use of patient-reported outcomes is the burden they pose upon those requested to complete them, particularly since research protocols often involve multiple questionnaires [37, 38] . Given the similarities in scores and the closely resembling psychometric performance of weighted and unweighted QLI scores, importance ratings appear to add little but undue respondent burden, which further argues against their use. Two exceptions are, however, obvious. First, when the relative importance of various areas of life is an integral part of study objectives. Second, to the extent that the QLI or similar questionnaires are used in clinical settings, importance ratings may serve as an aid in setting priorities for individual patient interventions. However, regardless of the rationale for assessing importance there are good reasons not to use these ratings as multiplicative satisfaction weights, but to treat them as independent scores instead (see below).
Psychometrically, the QLI performed poorly in this study. Assessments of scaling assumptions did not support the current grouping of items into subscales, or the use of a total QLI score. On all subscales but the unweighted FA version, there were items that correlated stronger with other domains than with their hypothesized subscales, and only in about half of instances was a definite scaling success found. In particular, the validity of the SE subscale can be questioned. As for the total QLI score, up to half of items failed to meet suggested criteria for corrected item-total correlations, and some items displayed negative coefficients, indicating that they do not behave in harmony with the rest. The subscale grouping of QLI items is based on an exploratory factor analysis of responses from 349 American hemodialysis patients [13] . Studies re-assessing the factorial validity of the QLI are few [15, 17, 39] and have been hampered by relatively small sample sizes, rendering them largely inconclusive [40] . However, given that the QLI was conceptualized, developed and grouped into its current subscale structure in the USA, cultural differences cannot be excluded as potential reasons for the observed scaling discrepancies. Alternatively, such discrepancies could also relate to differences in patient characteristics (e.g., hemodialysis vs. PD).
Contrary to expectations based on the rationale behind the QoL definition and scoring algorithm of the QLI, correlations between importanceweighted QLI scores and overall QoL ratings were weaker than those with overall LS, whereas the opposite was observed for unweighted satisfaction scores. Earlier assessments of the validity of the weighted QLI have typically found correlations around 0.8 with single-item overall life satisfaction ratings [13, 20, 41] , which is stronger than the 0.657 coefficient observed here. However, values closer to 0.6 have also been reported [4] . While the strength of the correlation between overall LS and the weighted QLI observed in this study is weaker than that reported in most previous studies, the more intriguing finding is the unexpected (although statistically non-significant) pattern of correlations. These observations could be interpreted in several ways. First, the weaker correlation between overall QoL and the weighted, as compared to the unweighted QLI speaks against the weighting procedure as a means of reflecting subjective QoL. Second, the stronger relationship between weighted QLI scores and overall LS, as compared to overall QoL, indicates that the importance-weighted QLI primarily has validity as a measure of life satisfaction rather than QoL. Third, the stronger relationship between overall QoL and unweighted QLI scores, as compared to weighted QLI scores, indicates that the better (albeit yet suboptimal) QoL proxy derived from the QLI is the unweighted satisfaction score.
Such interpretations should, however, be made with caution, since (in addition to other concerns addressed above), the explanation for the observed and unexpected correlational pattern may lie in the scoring algorithm of the weighted QLI. As noted above, this algorithm uses importance ratings as multiplicative weights of satisfaction scores. This, in itself, can be a source of dubious correlations with a third variable such as overall LS and QoL, since multiplicative operations can cause dramatic fluctuations in correlation coefficients with a third variable [42] . The explanation lies in multiplicative effects on the mean and variance of the weight, as well as the covariance between the weight and the third variable [43] . It is noteworthy that the use of multiplicative weights has survived the development of the QLI as well as other similar instruments [e.g., 5, 6, 44] , despite being cautioned against for decades [25, 42, 43] .
Regardless of the methodological doubts related to the QLI weighting algorithm, the moderate correlation between overall LS and QoL does not support the view that the two constructs are synonymous. Indeed, theoretical arguments have suggested that life satisfaction should not be considered equivalent with, but a critical attribute or an outcome of QoL, which instead has been thought of as a broader and more encompassing term [45, 46] . Empirical support for this view can be found in general population surveys. In a survey conducted in British Columbia (Canada), Michalos et al. [47] found that the amount of variance in overall QoL explained by satisfaction with various life domains and health status indices was 63%, of which domain satisfaction explained 82% (i.e., about 51% of the total variance). In a cross-national UK general population survey, Bowling and Windsor [48] found that health and demographic variables explained 5% of the variance in subjective QoL, and addition of satisfaction with prioritized areas of life increased the explanatory power to 16%. While these two surveys differed on various accounts, both support the notion that life satisfaction appears to be an important contributor to, rather than synonymous with, subjective QoL. Several outcome instruments within the health sciences conceptualize QoL in terms of life satisfaction [e.g., 3, 5, 6, 9, 44] . We are, however, not aware of any previous studies of the relationship between these (or the QLI) and subjective overall QoL in chronically ill people. Together with previous observations in the general population, our findings illustrate that life satisfaction not necessarily is synonymous with QoL, and that investigators should be cautious when using these and related terms in order to avoid conceptual confusion.
In conclusion, this study does not support the practice of weighting ratings of satisfaction with various areas of life by their perceived importance, neither in terms of the resulting scores nor regarding their psychometric performance. Furthermore, use of multiplicative weighting procedures render correlations with other variables spurious and cannot be recommended for methodological as well as practical reasons related to respondent burden. However, less than optimal data quality and psychometric performance of the unweighted QLI suggest that there is reason to consider other, simpler, life satisfaction questionnaires covering similar domains [e.g., 3, 49] instead. If deemed necessary to consider, ratings of perceived importance of various areas of life are probably best used separately from satisfaction ratings. These observations have implications not only for the QLI but also for other importance weighted life satisfaction questionnaires [e.g., 5, 6, 44] .
